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The overall focus of this booklet is on planning for 
change that allows for integration of computers into articulated 
learning environments that will enhance the learning goal of 
students. The first chapter presents four major themes to increase 
the likelihood of combining computers and individualized instruction 
in schools: (1) a revitalized form of computer-assisted instruction 
(CAI); (2) the utilization of computers by students for their own 
learning goals; (3) the use of a comprehensive instructional 
management system; and (4) the willingness of educators to provide 
alternative educational environments in harmony with technology. 
Chapter 2 begins the discussion of CAI with a brief history and moves 
to the four levels of CAI that range from drill and practice to 
systems that create a model for each student and modify it as 
learning progresses. Chapter 3 presents a Student-Computer Integrated 
Learning (SCIL) model that shifts the focus from students being 
passive recipients to their use of computers as a medium for 
learning. This model makes extensive use of computer-based 
simulations. Ways to reorganize schools consistent with SCIL that 
would personalize an individual's educational experiences are 
suggested in chapter 4. In chapter 5, a 4-year training program, 
using the "coaching" ?nodel, is proposed for educators and 
administrators to transfer skills to the educational process. The 
last chapter describes the need for a sophisticated instructional 
management system— EduCator-Computer Integrated Management (ECIM)— to 
o''*iep track of the progress of each student. Three pages of references 
ERJOPlete the booklet. (MLF) 
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Foreword 



The ERIC Clearinghouse on Educational Management and the 
International Council for Computers in Education are pleased to 
publish thv monograph for teachers and administrators who want iO 
obtain maximum Instructional benefit from use of computers in 
schoob. 

According to the cooperative arrangement, the book's preparation 
was funded by the ERIC Clearinghouse on Educational Management, 
which commissioned the author and edited the manuscript. The Inter- 
national Council for Computers in Education supervised the book's 
production and is also responsible for marketing and sales. Both 
organisations are announcing the book's availability to their respective 
clienteles. 

The author, Richard J. Robbat, teaches for the Lexington Public 
Schools, Lexington, Massachusetts. He has also served as a public 
school adminisuator. He holds a bachelor's degree from Colby College 
(1964), a master's degree from Boston University (1967), and a 
diKtor's degree from the University of Oregon (1984). The subject of 
his dissertation was "The Utilization of Computers in High School 
History Edutation,*' and he has also written about problem solving 
and computers. 

Philip K. Piele David Moursund 

Director, ERIC/CEM Editor-in-Chief, ICCE 



7 




Chapter One 
THE ESTABLISHED FRAMEWORK 



"Would you like to write a booklet on the uses of computers and 
their applications to individualizing, instruction?" 

"What a great opportunity!" was my immediate reaction. Indi- 
vidualizing the educational experiences of students has been dis- 
cussed, written about, abandoned, and recycled throughout the 
I457ear history of the public school movement in the United States. 
It is a nriodel of education I have endorsed and practiced. 

Yet if the available research is any guide, there exist few systematic 
efforts to emphasize individualized instruction in schools. In addition, 
the research on secondary school individualized systems of instruction 
(reviewed by Bangert and others 1983) showed "that instead of pro- 
ducing ^uch dramatic effects, individualized systems at the secondary 
level yield results that are much the same as those from conventional 
teaching " There were no significant gains in achievement test results, 
critical thinking skills, self-esteem, or appreciation of the subject be- 
ing studied. 

Computers in education.^ Long before this assignment came, I 
wanted to find out who/what the enemy was, so I embarked on a year 
of sabbatical study and, subsequently, a leave of absence to find 
answers This led to my doctoral dissertation titled ' The Utilization of 
Computers in High School History Education." 

That computers have a role in education is beyond question. My 
students in secondary school history classes have used programs as tools 
in their studies. ! believe computers can play a significant "instruc- 
tional" role in education. 

And what are the expected benefits of using computers in educa- 
tion? 

Better, more comfortable, and faster learning— since students will be 
able to use technology at their own pace and at their own convenience; 
opportunities to work with vastly richer materials and more sophis- 
ticated problems; unlimited, individual tutoring, and automatic meas- 
uring of learner progress (Kulik and others J983). 
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Such was the prognostication in the early 1960s as summarized in the 
above source. 

A meta-analysis of studies that included instructional uses of com- 
puters in grades six through twelve was conducted by Kulik and others 
(1983X l^heir analysis showed that "computer-based teaching raised 
final examination scores by approximately .32 standard deviations, or 
from the SOth to the 63rd percentile." Their analysis, however, pays 
scant attention to the extent to which the aforementioned "benefits" 
of the use of computers in education actually occur. The studies in- 
cluded in their analysis do not go beyond 1979. Also, most of the 
studies involved were limited to drill and practice, tutorials, and pro- 
gramming activities, though not by design. 

Another weakness of current research is its neglect of the impact of 
microcomputers on learning. Very few contemporary studies demon- 
strate that computers are having a significant impact in education 
beyond the increased number of computers in schools and the prolif- 
eration of computer programming/literacy courses. 

Therefore, you will not be reading in the pages that follow a sum- 
mary of the virtues of a model of education based on combining in- 
dividualized instruction and computers. Neither will this be .n e)dior- 
tative piece, one claiming that computers and individualized instruc- 
tion are an unbeatable one-two punch that will revolutionize edu- 
cation. 

In addition, you must resolve in your own mind the extent to 
which the objectives of individualized systems of instruction and co.n- 
puter uses for instructional /learning purposes can coexist with the 
goals of education. 

Recently, an individual responsible for evaluating my teaching 
said, "You are the toughest person I have ever had to evaluate." Dur- 
ing the subsequent discussion, the evaluator indicated there must have 
been at least 15 lesson plans in operation, students were continually 
leaving and entering the room, computers were being used in several 
different ways, students were working individually and/or in groups. 
Concern for tighter management was expressed. Were curriculum 
goals being met? Did I know where the students were going.^ I 
thought I was individualizing instruction, but what does that mean? 

To define individualized instruction is itself a difficult task. Bishop 
(1975) ncady summarizes the difficulty with a series of questions 
about individualization. "Is it a new means for organizing a school? 
An instructional process? New technology? Teachers who deal with 
kids more personally? Or, is it a new instructional theory?" In 
response to the questions, Bishop suggests a number of elements that 
constitute individualized instruction: 



• Organization 

• Process 

• Theory 

• Teacher practice 

• Instruction particular to each student 

These elements will be examined repeatedly throughout thb booklet. 
Cenainly many of these elements are contained in the educational en- 
vironment (and issues raised by the cvaluator) that I was atttun^dng to 
create. 

With specific reference to my recent experiences, individualized in- 
struction has meant providing each student with opportunities to use 
computers for learning within a particular subject area. Some students 
used PFS: File and PFS: Report for science and history projects. Others, 
including those with poor writing skilb, used word processors to com- 
plete writing assignments. Graphics packages were available to use for 
course assignments that required diagrams and maps. More traditional 
'[educational software" was available for students who needed addi- 
tional help "n mathematics and French. Students skilled in program- 
ming attempted to create software that might be used for a course in 
which they were currently enrolled, while some students were learning 
to program. In the context of the courses and snidents I had, an ap- 
proach that personalized educational experiences seemed appropriate. 

Traditionally, the primary goal of individualized systems of in- 
struction has been to provide "teaching systems in which students 
work at their own rates through carefully designed units of course 
material with the help of study guides and diagnostic tests" (Bangert 
1983). For now, it is sufficient to know that the original intent of 
computer-assisted insuuction (CAI) was ako that it be an individual- 
ized system of instruction. 

Do the goals of individualized education and CAI coincide with 
the goals of education? The generally suted goals of education usually 
include: 

• Develop the full potential of each individual 

• Teach society's social /moral codes 

• Transmit cultural heritage 

• Provide manpower for economic growth 

For our purposes here, the first goal is the most important one. Does 
one of your district's goals include reference to helping "each in- 
dividual reach his or her potential"? If so, to what extent is that goal 
being fulfilled? Is the first listed educational goal regarded merely as a 
metaphor? Perhaps the last three goals dominate how schools and 
instruction are organized. If that is so, to what extent do the goals of 
education mesh with the goak of individualization and CAI? Does tlie 



'10 



use of computers for the purpose of satisfying the fir?? goal really stand 
a chance in your district? In your school? As you read through the 
booklet, you are encouraged to keep these questions in mind. 

Models for individualized instruction and computer-assisted 
instruction call for an adaptive educational system. Glaser (1972) 
states: 

An adaptive environment assumes many ways of succeeding and many 
goab available from which to choose. It assumes further that no par- 
tirular way of succeeding is greatly valued over the other. 

Do not most school districts pay only lip service to adaptive models of 
education, providing, instead, a fixed system for progressing through 
the schools? Perhaps, then, the marriage between computers and in- 
dividualized education either is unlikely or is destined to be incom- 
patible in present institutionalized educational settings. Before giving 
up, however, I will present four major themes for increasing the likeli- 
hood of a successful marriage. 

The first is based upon the traditional but updated concept, 
computer-assisted instruction (CAI). In a CAI environment, the infor- 
mation to be learned is predetermined and programmed prior to use 
by students and educators. Computers are used as electronic infor- 
mation dispensers, replicating or improving upon the dominant 
means for dispensing information in our schoob, the teacher. It is 
important to emphasize, however, that it is not the intent of present 
CAI systems to replace teachers. 

A srcond theme is based upon students exploiting computers for 
their own learning goals: They can program computers in a variety of 
ways, and they can use a variety of applications software available for 
computers, Using databases, simulations, gr::;phics packages, sutistical 
packages, and word processors, students determine what information 
is to be stored, manipulated, and examined. I call this alternative 
model Student-Computer Integrated Learning (SCIL). Ultimately I 
argue that CAI is included within the SCIL model. CAI is discussed 
alone, in the next chapter, becau^ of its dominant place in the history 
of computer applications in education. 

A third theme in the booklet— and an important element of any 
model of education— is the use of an instructional management 
system. Education itself is an information-based enterprise. Students 
continually must process information. Teachers constantly are making 
decisions based on interactions among their students and between 
themselves and their students. Administrators develop approaches for 
scheduling each student and teacher, monitoring expenditures, and 
lisung educational resources. 

One of the primary uses and advantages of computers is their 
capacity for storing and manipulating large amounts of information. 
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Computer-managed instruction (CMI) is an important element in any 
attempt to individualize learning. The primary purpose for using CMI 
is to improve decision making in a school's and the teacher's instruc- 
tional program, particularly as progress toward individualization oc- 
curs The technology allows us to have access to and use information in 
different ways. As Schiffman and others (1982) indicate, "There can- 
not be a rigid dichotomy between management and instruction— ef- 
fective instruction cannot be discussed without considering efFeaive 
management." 

For the final theme, I borrow from Winner (1978) a concept of 
•'technology" that I feel best provides a framework for attacking the 
issues of change caused by the int«''xluction and uses of computers into 
schools Technology as a concept is complex; according to Winner, it 
has three characteristics: 

• The "apparati" or physical devices (in computer parlance, "hard- 
ware") 

• The "technique" or the skills, activities, and functions used by 
people to accomplish a task. 

• The "organization" or types of social arrangements in a par- 
ticular setting. 

Tlie issues of change are caused by the introduction of an "ap- 
paratus" into a particular setting, in our case that apparatus being 
computers brought into schools. Alone, the availability of computers 
in schools is not an indication that they will be used effectively or 
appropriately. The inuoduction of "apparati" in the past (for exam- 
ple, television) and their relatively minimal use is sufficient evidence. 

The apparatus (in this case, computers) affects the "techniques" 
used by educators. In addition it will affect the "organization" of 
schook I will present some strategies for effectively addressing these 
issues in the context of providing "individualized" learning ex- 
periences for students. 

Reacliing the goal "to help each individual reach his or her poten- 
tial" will nof be achieved primarily by the use of computer tech- 
nology Instead, that goal will be attained to the extent you and yovt 
school district arc willing to participate in a systematic endeavor to 
provide alternative educational environments in harmony with 
technology The primary issue is to help eduutors to change, not to 
change to computers in education. The issues of human change and 
computer use go hand in hand. 
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Chapter 2 

COMPUTER-ASSISTED INSTRUCTION 



This chapter examines four topics that are important to an under- 
standing of computer-assisted instruction. The first topic explores the 
historical development of computer-assisted instruction. The second 
topic describes the levels of complexity of CAI based upon a more 
sophisticated understanding of instructional processes. That leads to 
an examination of attempts to increase the responsiveness of com- 
puters to individual learners. The last two sections of the chapter ex- 
amine alternative CAI environments, including a model developed by 
WICAT and the use of computers for "problem solving." 

CAI History in Brief 

The programmed instruction movement of the 1950s provided 
''the intellectual environment that gave rise to the first gr^nciation of 
CAI systems in the early 1960's" (Nicvergelt 1980). Computers sup- 
posedly provided the flexibility lacking in prior mechanical teaching 
devices. The line of reasoning anwng the early proponents of CAI, ac- 
cording to Nievergelt, went as follows: 

1. Education is a labor-intensive activity. 

2 Technology applied to other labor-intensive activities in the past 
had greatly increased productivity and cost-effectiveness. 

3 With programmed instruction as a teaching strategy and the 
computer as a delivery device, a technology of education has 
finally arrived. 

4 Hence. CAI will significandy improve education in the foitsce- 
able future— that is, make it more effective and cheaper. 

'Technological determinism'* (National Science Foundation 1983) 
was the niajor concept that dominated the earliest applkations of CA 
The efficient and effective use of a technology occurred when a tool 
was used **to serve a single best purpose, rather than several purposes 
at the same time/' As I first indicated at the end of Chapter 1, any ap- 
plication of technology is inexorably tied to social and organizational 



ERIC 



" 13 



Issues. The "technological determinism'* perspective generally was 
used in "highly structured, hierarchical, bureaucratic** organikiations, 
an apt description of most schools at tliat time. As Nievergelt's list 
shows, the goal of supponers of the new technology was to make 
education more ^rfflcient. Elcaronic page-turning replaced the manual 
page- turning ot programmed learning. This limited perspective was 
short lived. 



any application of technology is inexorably tied 
to social & organizational issues." 



During the mid*1960s proponents of the computers-in-education 
CAI movement suggested that computers would have impact only if 
they were nwre responsive to ifxiividual students. With the idea of in- 
creased responsiveness in mind, CAI advocates were developing proj- 
ects at a number of universities during this period: Stanford, Illinois, 
Penn State, Pittsburgh, Texas and Florida State, among others. 

This new approach to CAI was significant because it was a depar- 
ture from the "tcchnologiciJ determinism** mode of thought that had 
dominated earlier CAI developments. According to Suppes (1966), 
computers could contribute to education in two important ways: 

(Pint) the computer makes the individualization of instructk)n easier 
because it can be progtanuned to folk)w each student's history of learn- 
ing successes and failures and to use his past performances as a basis for 
selecting new problems and new concepts to whkh he should be ex- 
posed next. 

(Second) a computer ... can provide daily information about how 
students are performing in each part of the curriculum as it is presented, 
making it possible to evaluate not only individual pages but also in- 
dividual exercises. 

These two proposed uses of computers served as the bases for CAI 
developments since the mid- 1960$. (Su^pcs* article, published in 
1966, is very important because :t prcvldrs historkal perspective about 
the CAI movement and a benchmark for evaluating where we are to- 



TTirec levels of interaction were the center of CAI experiments dar- 
ing this period: 

• Drill and practice 

• Tutorials 

• Dialogue systems ^ 
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The intended purpose of drill and practice was to supplement the 
teacher-taught regular curriculum. Prior to each use of computer- 
based drill and practice, teachers would present the concept; then 
studcntf would practice on the computer with acdvities related to the 
concept. Consistent with the goal of using CAI to individualize in- 
struction. children could be given different sets of problems based on 
their past performances. This method is contrasted with tcxtboob and 
workboob, from which students are given the same set of problems. 

The second level of CAI, tutorials, was developed to assume the 
primary responsibility for teaching concepts. As early as the 
mid-1960s, light pens and spoken instructions were being used with 
elementary school children to assist in concept acquisition. 

The third and deepest level of interaction developed during this 
period was called "dialogue systems." The purpose at this level was 
to develop actual (real time) in^'^raction between die user and the 
computer. There were two hop for means to accomplish this inter- 
action. The first was recognition of voice patterns by computeK. The 
second was recognition of questions asked by students via a terminal. 
Even now the field of artificial intelligence has as one of its major foci 
that very problem. Both of these methods today still present 
challenges to the developers of computer technology. 

During the 1970s two of the more publicized CAI projects were 
PLATO, developed at the University of Illinois, and TICCIT, de- 
veloped by the Mitre Corporation. PLATO (Program Logic for Auto- 
mated Teaching Operation) was developed as a multimedia system, 
with graphics, animation, audio, and newrorking capabilities. It had 
its beginning in 1959. TICCIT (Time-shared Interactive Computer 
Controlled Information Television system) attempted to integrate 
minicomputers with television— using learner-controlled software. 
PLATO is still very much aUve. TICCIT still exists but has not been 
widely used. Although neither system enjoyed widespread dissemina- 
tion, they symbolize a more enlightened view of computer-assisted in- 
struction. 

Levels of CAI 

As Suppes and others were beginning to explore further the capa- 
bilities of computers for CAI, changes in perception about the nature 
of instruction were appearing. According to Kamouri (1984), 

A sort of paradigmatic shift in human learning has ukcn place over the 
last twenty years— away from a model based on stimulus and itsponse 
associations to an approach that acknowledged the importance of com- 
plex information processing. 

That appreciation for the complexity of the learning process has led to 
the identification and development of at least four levels of CAI. 
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Kcarslcy (1977) labels thr four levels: 



1. Response insensitive 

2. Response sensitive 

3. Idiographic 

4. Student model 

Response Insensitive CAI 

At this level CAI is automated programmed instruction. When the 
program processes poor or incorrect answers from the student, it goes 
to prespecified conditional branching. The braiKhing is based only 
upon the most immediate response of the student; patterns of past 
performance are not part of the response branching. 

Response Scositive CAI 

This second level of CAI involves the selection of instruction based 
upon an assessment of performance as the individual moves through 
the sequence of instruction. An example is a tutorial program that ad- 
justs the level of difGculty to constantly provide a challenge to the 
user. The "response sensitive" level is the first that appears to require 
computer technology. 

Idiographic CAI 

At this level of CAI, programs provide instructional sequences that 
have been determined by a variety of characteristics of learners. These 
characteristics are based on dau about the students, including apti- 
tude, district or age-group reading levels, interests, previous 
knowledge of subject matter, and personality. The programs contain 
rules that control the selection of the instructional sequence. 

Application of CAI at this level becomes more complex. The diffi- 
culty is in prediaing the relationship between the types, rate, and 
mode of presentation and an individual's performance. 

Student Model CAI 

The student model is the most sophisticated level of CAI. Keanley 
describes the student model in the following way: 

A student model is a rcprcsenution of the hypothesized knowledge 
state of the students as represented by a set of procedures. The system 
would create a model for each student consisting of procedures for the 
prescnution of material and assessment of peribrmancc. As learning oc- 
curs, the procedures are modified, th*is altering the student model 
itselif. ... In priiKiplc the system could diagnose dcfKiencies in learning 
strategies/ tactics anJ be able to indicate these to the student. It would 
also be possible for the student to state preferences for types or modes of 
instruction via procedural definitioTis. 

Presently, very little available evidence indicates CAI application ef- 
forts in schools go beyond the first two levels. 
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Several reasons govern that state of affiiirs, in my opinion. First, 
few educators undersund the extent to which computers can assist the 
learning endeavors of their students. Second, educators' vision of com- 
puter use is limited to present patterns of xhool and classroom or- 
ganization. Third, educators have placed few demands on vendors for 
coordinated hardware /software efforts that enhance use of computers 
with a •'student model" in mind. 

System Respomiveoesi 

The goal of computer-assisted instruction system developers since 
the mid-1960s is one that emphasizes system responsiveness. As de- 
fined by Kamouri (1984), sysUm mpOHsheness is "the degree of 
learner-computer interaction and the adapubility of the program to 
differences in skill or knowledge levels among students." TTie oppor- 



System responsiveness is ''the degree of hcmer^ 
computer interaction and the adaptability of the 
program to differences in skill and knowledge levels 
among students/^ 



tumty to take advantage of CAI methods that have a high degree of 
system responsiveness (for example, idiographit and student model 
characteristics) is made possible by the research and development of 
••knowledge-based" systems. 

In a beautifully developed explanation of knowledge-based 
systems. Sowa (1984) begins with a quote from Seneca (LeUers to 
Luctltus 33) that differentiates between remembering and knowing: 
To remember is to preserve something committed to memory; to 
know by contrast, is to make each item your own, not to depend on a 
model and to be constandy looking back at the teacher." The char- 
acteristics of a knowledge-based system, according to Sowa, arc 
described by that quote: 

• Knowledge is more active than rote memory. 

• Knowledge does not depend on a fixed model, but can be ap- 
plied in new ways to novel situations. 

• A teacher may be necessary to impan knowledge, but the knower 
should be able to use it without external guidance. 

The first three levels of CAI, and the programs that contain them, 
generally are based on a fixed set of instructions (see diagram 1). The 
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student model, requiring a knowledge-based system, adapts to chang- 
ing circumstances (see diagram 2). llic two diagrams represent the dif- 
ferences in the system responsiveness of the first three levels of CAI as 
compared to the student model. 

A knowledge- based system, therefore, "keeps track of the meaning 
of the dau and performs inferences to determine what information is 
needed even when it has not been explicitly requested" (Sowa). 

At this point, it becomes inaeasingly evident that one cannot 
separate a more sophisticated concept of CAI from computerized 
management systems. Returning to the remark of Schiffman and his 
colleagues: "Tliere cannot be rigid dichotomy between management 
and instruction— effective instruction cannot be discussed without 
considering effective management." 
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Types of CAI Environments 

There are two basic types of CAI environments. The first is what is 
common to most schools. Educators use stand-alone microcomputers 
and subject-matter-specific software. The software tends to be 
response insensitive— that is, drill and practice— with an emphasis on 
basic facts. Some of the software is tutorial, with a limited amount of 
branching (response sensitive). 

The second environment uses a totally computer-based system. 
This environment includes the first three leveb of computer-assisted 
instruction. One example of such an environment is the system de- 
veloped by WICAT in Orem, Utah, WICAT offers a laboratory setting 
with 30 terminab, linked to a microcomputer. Presently their 
computer-assisted instructional materials focus primarily on elemen- 
tary school reading and math skills, though diey arc rapidly increasing 
the availability of courseware in other subject areas and for secondary 
schools. 

WICAT has included three elements in several of its CAI packages: 
mode of operation, "individualization," and "course management 
options." The mode of operation includes three types of student- 
computer interaction, giving teachers and students the opportunity to 
make decisions about the naftirc of the instruction that will follow: 

• "Placement mode" (diagnostic tcs's) 

• "Practice mode" (snident-electcd ungraded practice sessions) 

• "Progress mode" (computer-sequenced lessons) 

The second clement, individualization, includes using the micro- 
computer to: 

• Track individual pcfformance 

• Direct students to subsequent lessons 

• Provide lesson help sequences 

The third element, course management options, includes: 

• Generating snident (class and individual) progress reports 

• Resetting lesson levels for individual students 

One of WICAT's selling points is the availability of a com- 
paratively high degree of system responsiveness, in essence a well- 
developed computerized management system. One of WICATs ma- 
jor projects is the development of a computer-based snident learning 
style inventory. The goal is to interrelate the results of the inventory to 
the various modes of presentation in a particular skill/subject area for 
each snident. The project is significant because, if successftil, it wili 
provide a more comprehensive idiographic level of CAI and a step 
closer to an attempt at the snident model level. 

At the same time (since the mid-1960s) attempts have been made 
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at creating more sophisticated CAI courseware, there h%5 ucen also a 
movement to improve the problem -solving capabilities of students. 
Critics of CAI claim that the use of computers for CAI purposes limits 
the employment of computers. Computers have been developed to 
give their users more powerful learning applications than drill and 
practice. The claim is made that it is mote important to give students 
the ability to solve problems than to reinforce a type of learning that 
stresses only the learning of facts. 



it is more important to give students the ability 
to solve problems than to reinforce a type of 
learning that stresses only the learning of facts." 



Problem Solving 
In the last two decades, problem solving has become a popular 
term. Like many terais in education (for example, individualized in- 
struction, computer-assisted instruction), problem solving lacks a clear 
definition. Is problem solving a method of learning? Is it an outcome 
of learning? As Chiapetu and Russell (1982) indicate, "An es- 
tablished and commonly acceptable defmition for problem solving is 
iK)t shared among educators.** Branca (1980) lists three interpretations 
. of problem solving: goal, process, and basic skill. The literature in- 
cludes many synonymous terms for problem solving: analytical think- 
ing, critical tliinking, reflective thinking, scientific thinking, 
discovery, and inquiry. 

Procedural Modes of Thought 

According to Shaftel (1971), the basic assumptions behind any 
problem-centered curriculum include the following: 

[that] human beings are active, striving organisms, capable of self- 
direction; and that it is the nature of man to be a satisfaction-seeker and 
ptoblem solver. 

Yet many of the proponents of problem solving argue that problems 
arc solved by following systematic, procedural modes of thought. 
Hunter (1983) desaibes a procedure as a * 'specific set of instructions 
that must be carried cut in exactly the specifled sequence.** She goes 
on to jusufy the use of procedures. 

We need procedures in order to handle information in systematic ways, 
to learn to complete tasb, and to solve problems. We need procedural 
thinking skills whether we are using a computer, a calculator, pencil and 
paper, or any other tool to aid in the process. 
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Taking another tack, Straus (1969). in defining strategy as a "process, 
operation, or plan that can be performed on the problem state to help 
us move it towards a resolution or solution," suggests an important 
facet of procedural thinking too often ignored: 

A strategy takes you away from neutral ground tow^irds one comer of 
the problem. And for each direction you can go there is probably an op- 
posite direaion that might be equally helpful, if not several* 

A strategy, then, causes two things to happen: 

1. It gets the individual to move mentally; and 

2. It commits the individual to a direction for a certain period of 



This perspective encourages the individual to be aware of ind adopt a 
more flexible approach to any problem-solving endeavor. 

Problem Solving imd Microcomputen 

With the advent of popular use of computers, procedural thinking 
is being proposed as the panacea for more effective problem solving. 
Hill (1983), for example, suggests: 

most profound point to be recognized by schools and teachers is 
that microcomputers not only aid in accomplishing established skill and 
concept objectives but also they create new needs and goals for school- 
ing These goals relate to particular thinking processes (organizational, 
systematic, and analytic) and the skills of logic and communication that 
enable the student to make use of the technology effeaively to soke 
problems and to live comfortably and productively in an information 
society and information economy. 

Hill goes on to claim that "the computer provides a unique tool to aid 
in the solution of problems." 

As extensive as the literature b on the role of computers in educa- 
tion, rhere are but limited examples of using computers in schools for 
problem-solving purposes. Earlier research (Robbat 198?; examined 
probleni solving and the use of computers in science, mathematics, 
and social studies education. Little research was available on the rela- 
tionship between computers and problem solving in those curriculum 
areas, reaffirming the minimal impact problem-solving methods and 
computers have had on classroom environments. Few educators and 
educational institutions attempt, allow or provide for such an environ- 
ment to exist. Megarry (1983) points out, "Only when educational 
technology becomes an integral part of the thinking of ordinary 
teachers will it actually change what happens in the classroom and 
how students learn." 

Recently, I have worked with junior high school science teachers 
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who have used computers in some of their units of study. In one case, 
students collected data about twigs, entered that data using PFS: Ff/e, 
and analyzed the data using PFS: Report. Students asked questions 
about the data, questioned each other when variations occurred, and 
helped each other enter and analyze the data. 

In another instance, students were using tempaature, pube, and 
response rate probes and analyzing the data from their experiments. 
Computers eliminated the drudgery of plotting graphs. Because the 
graphing of the data was faster, students were able to analyze it more 
quickly. 

In both cases, the learning experiences of the students became 
more individualized as students conducted their own experiments. 
The classroom environment, as a result, became increasingly de- 
centralized. Students having difficulty with more traditional ap- 
proaches to the science currkulum were participating more positively 
and apparendy learning more. I must emphasize, at this poini,that 
curriculum objectives were folfowed and met. 

The teachers began to realize that the use of computers can sig- 
nificantly alter the nature and sequence of their science curriculum. 
Students were going beyond the original intent of the lessons. The 
teacher observed students developing their own experiments, and, 
more importantly, asking "what if questions. In the teachers' opin- 
ions, rr:J experimcnution and discovery occurred among all students. 

A Mechamoil Authority Figure? 

The stated purpose of computer-assisted instruction systems is to 
use technology to personalize a school district's efforts to teach 
students a particular curriculum. The systems ate constructed to an- 
ticipate a variety of instructional issues that occur as teachers proceed 
through their curriculum. 

What educators have to decide is whether increased system respon- 
siveness perpetuates a model of instrucdon that actually limits the 
power of computers to enhance the development of alternative learn- 
ing environments. As Papcrt (1979) sutes: 

The teacher plays die role of an authority figure who prescribes the exer- 
cises and judges their perfotmance. while the child ... is also learning 
how to accept authority in a way prescribed by school and society. 
Replacing a human tekcher by a machine changes nothing, except that 
perhaps it makes the process more effccdvc by giving it a mechanial 
image that is in fact more resonant with what is really going on. 

The implications of CAI are left for you to detennine. A second ap- 
proach to the use of computers, Student-Computer Integrated Learn- 
ing, is examined in the next chapter. 
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Chapter 5 

STUDENT-COMPUTER IlsTreGRATED LEARNING . 



In 1970, the report to the President written by the Commission on 
Instructional Technology stated, "Technology can make education 
more productive, individual, and powerful, making learning more im- 
mediate; give instruction a more scientific base; and make access to 
edu^cation more equal." The report goes on to advocate the use of 
technology to reach instructional goals. In Olson's (1974) opinion the 
writers of the report overlooked or ignored an alternative application 
of technology. 

For Olson, technologies "are not to be considered as means to pre- 
set ends but rather as a means for reconstruing those ends" because 
their uses allow expression and communication. Olson's view of tech- 
nology is an apt description of Student-Computer Integrated Learn- 
ings whereas the thrust of the commisswn's report appears oriented 
toward (computer) technology, computer-assisted instrucrion. Cer- 
tainly few educators to date have sought to "reconstrue those ends." 

The present patterns of computer use reinforce our tendency to place 
students in passive roles so that the organization of the process of learn- 
ing is taken on by others. Educatkm is viewed according to the Transfer 
Mcuphor, which takes knowledge to be an cbjcrt that teachers insert 
into the minds of their students (Garson 1980). 

Though expressed in 1980, Carson's Transfer Metaphor neatly cap- 
tur -^hc intent of advocates of computer-assisted instruction, given its 
origuii and its pracrice in schools today. The focus of instrudon is on 
the mode of insertion, that is, computers, rather than on the students. 

Many educators are familiar with Taylor's (1980) oft-cited meta- 
phors (computers as tutor, tool and tutec). They reinforce the tech- 
nology-centered frame of reference educators are expected to assume 
in relation to computers (technology). A definirion of each of Taylor's 
metaphors supports this point: 

• Computer as tutor: computer used for instruction (CAI) 

• Computer as too): computers used as a practical urility 

• Computer as tutee: computers used for programming. 
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The focus in each case is "computer as. . . 

Shifting the Focus from Computer to Student 
A purpose of education is to provide students with opportunities 
for learning. Goak and objectives in education are written in terms of 
student outcomes and include what students (should) learn. Should 
not the resources that are used to assist in reaching those goals and 
objectives have the same frame of reference? The applications of tools/ 
resources/ technologies, therefore, should be viewed in terms of stu- 
dents and the resonrces that they use to learn. 

Originally, m; intent was to change Taylor's metaphors, using 
students as the frame of reference. They were to read as follows: 

• Student as tutor: students program computers 

• Student as tool applicator: stu'ients use computers as a resource 

• Student as tutee: students use computers as an instructional aid 
(CAI) 

The metaphors— tool and tutee— were flip- flopped, and students 
became the focus of use of the tool. 
I subscribe, however, to Kay's view: 

The computer \snotz tool— that is a very weak characterization of the 
thing. The took on the computer are the programs that make it into 
various kinds of levers and fukra. The computer itself is a medium like 
paper— zillions of degrees of freedom, used in many ways that die in- 
ventors of it can't and don't need to understand, making a funda- 
mental change in the way people diink about the world (1983). 

From that perspecuve, alterrutive labels for student-centered com- 
puter utili2ation that are more appropriate, in my opinion, include: 

• Student as designen Students develop programs to use com- 
puters as a medium for learning. 

• Student as practitioner: Students select and apply programs to 
learning situations. 

• Student as receiver: Students are given programs to use for 
instrucrional purposes (CAI). 

The third category, student as receiver, has been discussed extensively 
in Chapter 2. As a discussion of the first two categories.unfolds, please 
keep in mind that the categories are not mutually exclusive. 

Student as Designer 

As designers, students develop and write programs. Programming 
has several dimensions to it. The convenuonal concept of program- 
ming is to code in a computer language. In schools the three most 




popular languages arc Logo. BASIC and Pascal. The primary use of 
computers in schools today is this dimension of student-computer 
interaction. 

A second dimension of programming is to alter existing programs. 
As students become familiar with programming and the capabilities of 
computers, they should be encourag^ to alter the coding of existing 
programs to fit their own purposes. 

A third type of programming is to use authoring languages. An 
authoring language allows a person to develop teaching progranu 
similar to CAI programs. Students could write, test, and modify the 
programs based on the reactions of other students. Various versions of 
PILOT provide examples of authoring languages that can be used in 
this way. 

A fourth type of programming is the use of menu-driven programs. 
Students make decisions about how to best use a pre-existing program, 
based on the alternatives that appear as a "menu" on the terminal 
screen. 



In all four cases the student is making decisions about how the 
computer will perform. The student, who has learning objectives to 
reach, designs programs for use of computers to reach those objecuves. 
More imporuntly, students develop a frame of mind that emphasizes 
their control of the technology. 

Turkic (1984) describes what she was toU and what she observed as 
she explored the impact of computers on how people think about 
themselves; and others. Her obscrvadons are important because they 
convey the unique features of a "programming environment" that 
foster both the individualization and socialization goals of education. 

In traditional school settings, book reports arc presented to teachers who 
try to instill a sense of the class as community by asking the children to 
read them abud to the group. In the context rf children and pro- 
gramming projects, the sharing usually happens naturally. Children 
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can't do much with each other's book reports, but they can do a great 
dea] with each other's programs. Another child's program an be 
changed, new features can be added, it can be personalized. 

The focus has been shifted to students, and away from computers. 
Students use computers for a variety of reasons. One way of using the 
computer is to "program" it. As described above, programming can 
be viewed in several different ways. In each way, however, the student 
is programming the computer for specifk reasons. 

Student as Practitioner 

Students have always used a variety of resources to assist them with 
their school-related work. Generally they have been limited, however, 
to books, whether they be text or library boob. Beyond that, there has 
been limited use of tools in U.S. educauon. Goodlad (1984) com- 
ments on the use of tools in schools, based on the extensive research 
used for his publication, A Place Called School 

An often-repeated purpose of educational institutions is to teach 
human beings to use the toob of our civilization. We were less than en- 
couraged by what was provided to fulfill this purpose in the schoob we 
studied. How did aknost all of them manage to shield themselves so ef- 
fectively from the technologkal revoluuon now well underway? The 
common absence of modem technological devices for learning in the 
classrooms we observed seems to convey the implicit, erroneous message 
that these have nothing to do with the educative process. The patriarch 
of the toob of schooling is the pencil, the matriarch b the pen, and the 
rest of the family b an assortment of crayons and plastic measuring 
sticb. 

Students now fill noteboob and worbheets with information. 
They are asked to draw pictures, take notes, compute, write papers, 
gather data, hypothesize about and synthesize from information. 
Computer-based application programs —that b, packages— give stu- 
dents unprecedented opportunities and capabilities to gather, store, 
and manipulate that same informauon. 

There are four different dimensions to students* use of application 
tools with computers. In one dimension, application packages allow 
I students to gather, store, and manipulate their own data, according to 

their own formats and styles. (Isn't that part of what individ talized 
education b about?) Such packages include the Pf J family of software, 
AppleWorks and LOTUS IXi. 

A second dimension of student as practitioner allows students to 
develop their role as knowledge builder. As knowledge builders, 
students develop and discover processes for acquiring knowledge. One 
of the primary proponents of that role for students b Seymour Papen. 
Papert's Logo b the most widely used programming language in U.S. 
elementary schools today. Papert's intent was not to have Logo taught. 
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with Logo curricula appearing in computer education journals and 
magazines for teachers to follow. A purpose of Logo is to provide an 
environment in wkch students build ideas about geometry and spatial 
relationships. A similar cttample is the "Geometry Supposer" used on 
DEC computers. The strength of this role is tK-*^ «t allows students to 
explore the capabilities of the software and tc develop their own 
generalizations on which to build their own "new knowledge.** 

A third dimension of the role students play as practitioners is based 
on the '^information demands'' of students. Commercial dtu bases 
accessible by microcomputers and modems iiKlude CompuServe, TUt 
Source, and Dow Jones News/Retrieval. These commercially prepared 
data bases can provide students with up-to-date information, for ex- 
ample, on topics that are capturing headlines at any given time. 

The use of computer-based simulations/models is a fourth dimen- 
sion of the student* s role as practitioner. Models (a process used to 
describe or ^redia relationships among phenomena) Imply that what 
is observed and the relations among the observauons are sui^>orted by 
theories. Abo, there are several epistemological assumptions as- 
sociated with simulations: 

• A model deliberately is created to imitate an aspect of the "real 



• The model is subjected to experimentation in an effort to under- 
stand the modePs properties, forces, and behaviors. 

• If the model is vaJid and understood because of experimentation, 
a truer understandin<5 of the real world is an expected outcome. 

Eisewnerc (Robbat 1984) I discuss the rde of simulation-, in history 
education. Tlie principles apply to any field of study. 

Computer simulations provide a common environmr.it and common 
variables yet allow students to make similar or different decisions. Ihe 
decisions that students make while interacting with each other and the 
computer become thr focal point for developing and comparing the 
decisions and models oi* dccision-making they apply to those made by 
actual historical characters. 

A key to the use of simulations is a system for keeping track of ded- 
sions that students make individually and collectively during the 
course of a sirriulation. The primary purpose is not "winning*' or com- 
pleting the simulation satisifactorily. Rather, the primary purpose of 
simulations is to examine the rationale for decisions that individuab 
and groups make during the course of the simulations. Their educa- 
tional use b enhanced by having students keep records of their deci- 
sions. Some simulations require students to use charts to maintain 
records of the data they enter during the course of the simulations. In 
other simulations students record the results of their decbk>ns on 
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gtaptis. If no systematic process of decision record-keeping is used, an 
alternative is to require students to keep a log or "diary*' of their deci- 
sions. 

Computer-based simulations are powerful tools for teachers in an 
individualized education environment. They provide teachers with in- 
sights to their students' individual and group decision-making proc- 
esses. With additional research students can compare their decisions to 
those of **real world" practitioners. The simulation "Three Mile 
Island" provides that opportunity. Furthermore, students will be able 
to compare their decision-making model to the model of the de- 
veloper of the programmed simulation. 

In environments where students are designers and praaitioners, 
the relationship between teachers and students changes. That relation- 
ship becomes more of a partiKrship in learning as both teachers and 
students develop and explore toob that are appropriate to particular 
tasks. The development of these environments and pannerships has a 
significant impact on curriculum policies in school dbtricts. 



Computers and Curriculum 
Student-Computer Integrated Learning (SCIL) places a premium 
on the process of learning and doing > and not on the process of 
teaching. Within this franicwork, the curriculum no longer forces the 
same dau on the same students at the same time. In the traditional 
framework, teachers are faced with curricula guides that require 
coverage of a predetermined amount of material during the school 
year. That material must be covered without regard to the rate at 
which students master &cts and concepts. Ability tracks and grades are 
devices employed by educators to enhaiKe the achievement of curricu- 
lum objectives. 

Yet, for the most part, the moving force in education, that is, the 
force moving children from grade to grade, is chronological age. 
Reaching and going beyond curricula objeciives are not the moving 
forces in education. 

The role of cunriculum must be reexamined. It might be that com- 
puters will render obsolete curriculum as we know it. In Papen*s 
(1979) opinion the penchant for drill-and-practice software and CAI 
systems of instruction 

reinforcc(s) one more feature of current education, the concept of cur- 
riculum, which appears to niost educators as inseparable ftom effective 
communication of knowledge. This drill and practice model raises to a 
higher power the idef. that education without curriculum equals chaos. 

Bowers (1984) k concerned that teachers no k)nger understand 
their craft. 
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Educational theorists and technicians have attempted to model the 
process of teaching on principles derived from the areas of industrial en- 
gineering and systems thinking. 

The language of ••learning outcomes," ••perfornumce indicators/' 
••behavioral objecthres" are metaphors that carry the image of a student 
being molded and shaped by external forces. While a pretense may be 
maintained that this language represents a more systematic approach to 
thinking about ttadidorwl educational values, the fact remains that the 
tocher's aaft of transmitting the culture in a manner diat encourages 
cridcal reflection is being replaced by the image of a productkMi process 
that involves both the progressive de-skilling of the teacher and the 
manipulation of student behavk>r through a powerful reward system. 

The traditional craft of the teacher can be ttsoied and strcngdK 
by understanding the connecdon between the content area of the 
curriculum and how it will be recognized by the student. 

Greater emphasis must be placed on understanding the nature of 
learnmg. According to Bowers, we must drop ''the pracdcc dF think- 
ing of education in terms of the root metaphor of a mechanical 
umvcrsc/' Computer-assisted instruction (student as rccewcr) fein- 
forces a mechanistic view of the world, as do worksheets and work- 
boob. Curriculum based on chronological age is another example of a 
mechanistic view of education. 

With the SCIL model, education is viewed more in terms of how 
each person can design (or redesign) for personal use the tools tiiat 
make computers function. In terms of our discussion here, the goal of 
SCIL is to provide educational environments that allow individual 
students to take advantage of die variety of tools and media tiiat 
enhance learning. A perspective that encourages development of a 
SCIL approach cnhahccs the growth of those environments. Some sug- 
gMions for developing alternative educational environments are dis- 
cussed in the next chapter. 

The Need for Individualization 

Sonc people contend that the present educational system b already 
••individualized/' Students are placed in homogenous groups based 
on achievement, aptitude tests, parent desires, motivation. Students 
use a wide variety of information processing skills. Some students have 
parerits who assist them with their school work. Others rely on their 
friends, or work by themselves. Individual students have a variety of 
reading habits Depending on socioeconomic conditions, students ex- 
perience a variety of environments and activities outside of school. 

Yes, tlicrc is overwhelming evidence that each student has a greater 
variety of individual characteristics than we acknowledge in schools. 
Yes, individualized "educationar' experiences do take place to a 
greater extent outside than inside a school. 

27 

29 



One argument, however, dbmisses the claims that schools are 
another example of individualization that students experience. 
Generally, an individual in a school setting is evaluated based on 
public knowledge. That is, teachers know the answers, and students 
are given grades based on the extent to which they can figure out the 
answers teacheis already have. Usually there is only one answer, one 
curriculum sequence, one standard for evaluation. 

The outside world is individualized to some extent. The inside 
world is not. SQL offers a variety of environments and opportunities 
to allow for greater individualization inside. How that might be ac- 
complished is discussed in the next chapter. 
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Chapter 4 

A FRAMEWORK FOR IMPLEMENTATION 



I The purpose of this chapter is to present an argument that mean- 

ingful and appropriate uses of computers for instructional/ learning 
I purpose will occur only if educational leaders develop a framework for 

I alternative educational practices. 

■ Joyce (1974), writing in the context of communications media in 

general, anticipates the development of SCDL (Student-Computer In- 
I tcgratcd Learning) environments desaibed in the previous chapter. 

I The applications of communications media to education require a 

general design, one that can guide tlx dcvtiopment of alternative 
• educational forms and create a congenial institutional framework in 

I which these forms can be applied. THE STRUCTURE OF THE 

I SCHOOL IS IN MANY SENSES THE MEDIUM OF INSIHUCnON- 

it facilitates certain kinds of learning modes and inhibits others. 

I Therefore, Joyce continues, "in order to have a chance to create alter- 
I native educational forms, we cannot simply design applications of 
media to education— we have to design the institution as well." For 
that change to take place, Joyce suggests an approach that includes the 
I accomplishment of three tasb: 

1. "A description of educational models" 

2. An awareness of computer support possibilities for the modek 
I 3. The development of alternative "institutional forms" 

Describing Educational Modek 

I An educational model (for teaching or learning) is defined by Joyce 

I to be "the specification of an educational environment which is likely 
to bring about pupil growth." Joyce and Weil (1980) have identified 
numerous educational practices and grouped them into four 

I "families" of models. Each of the models, with its definition and ex- 

I amples for its application, is listed below. 

• Information Processing Models— the ways people handle stimu- 
I li from the environment, organize data, sense problems, 
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generate concepts and solutions to problems, and employ verbal 

and nonverbal skills. 

Examples: 

Taba's inductive thinking 

Suchman's inquiry training 

Schwab's scientific inquiry 

Bruner's concept attainment 

• Fcfsoiud Moddi-^the processes by which individuak construct 
and organize their unique reality. 

Examples: 

Rogers' non-directive teaching 
Gordon's synectitics 
Hunt's conceptual systems 

• Sodal Interaction Models— priority to the improvement of the 
individual's ability to relate to others. 

Examples: 

Massialas and Cox's social inquiry 
National Training Lab's lab methodologies 
Oliver and Shaver's jurisprudential method 

• Bdiavioral Models — an emphasis on changing the visible 
behavior of the learner rather than the underlying psychological 
and the unobscrvable behavior. 

Examples: 

Stress management 
Assertivencss training 
Nondircctive teaching 

The ultimate purpose of these modeb is to provide a framework for 
giving students conuol over their learning environments. That will not 
occur if the primary model is that which dominates education today: 
the teacher as disseminator of information learned by the student. 

Computers can pUy a significant role in each of these models. 
However, the levels of computer use that have dominated educational 
applications in the past— re^nse insensitive and response sensitive— 
must be expanded to include higher levels of CAI (idiographic and 
student model). The realm of computer uses for student learning must 
go beyond the student *as*receiver model. It must expand to include 
SCIL environments. 

The challenge for educational leaders is to begin to consider how 
computers can be used in each of the modeb for learning listed above. 

Computer Support for the Modeb 

Our second task b to describe the possible types of support that 
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computers can lend to the models. In this case we are concerned about 
computers, though the principles Joyce advocates pcruin to all media. 
The use of computers (and other media) generally takes two forms: 

1. A$ t prearranged enTiromnent that leads (the learner) through 
learning tasb, 

2. As part of the environment in which students select applica- 
tions depending upon the tasb at hand. 

The first form, the use of computers in a prcananged environment, is 
what I label "sttident as receiver. This has been the dominant setting 
in which studentr have used computers in the traditional curriculum 
areas. Discussed in Chapter 2, this form generally is called "computer- 
assisted instruction," The use of computers is predetermined by 
teachers, usually for drill and practice. 

The second form, which calls for using computers as part of the en- 
vironment, coincides with the intent of SCIL(Student.Computer Inte- 
grated Learnips), In SCIL settings, snidents are designers, prac- 
titioners, as well as receivers. 

In a SCIL environment computers can provide fancHond support 
to the Joyce- Weil models of learning in four ways. The computer (1) 
presents the learning tasb, (2) allows alternative approaches to tfie 
learning tasb, (3) provides feedback, and (4) stores information. In 
each type of support, students either are provided or provide them- 
selves with the tools to manipulate information and perform ihc tasb 
in conjunction with present learning goals. 

Presenting the Learning Tasks 

Students and teachers use programs that contain learning packages. 
Studen ts are in the role of receiver in ternw of tJie dissemination of in- 
fonnation to be learned. This is the dominant approach to use of com- 
puters in education today. School districts purchase software that is 
directly related to their curriculum. Vocabulary development, math 
and history drill and practice, and SAT preparation are examples of 
software in this category. 

Allowing Alternative Approaches 

Students and teachers will develop and /or apply programs in a 
variety of ways. In some cases drill-and-practice or nitorial programs 
will be an appropriate starting point for students. From there, as- 
suming adequate completion of the first step, students use computers 
in the role of designer or practitioner, depending upon the task. 

Providing Feedback 

Computers can provide feedback in several ways. First, snidents as 
receivers can use CAI feedback mechanisms in programs to determine 
their progress A second way snidents are provided feedback is during 
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the process of designing programs: Students are provided feedback 
when they attempt to ''RUN" their work on a computer. Error mes- 
sages or a smooth run will occur. In the case of a completed run. 
students must always know whether the completion produced the 
desired results, not merely that the program got all the way to its end 
without errors. 

As practitioners, students must be trained to analyze the results of 
their work. Students must question the sources of their information. 
They should become aware of the programmed processes that manipu- 
late data, as well as know how statistical packages work and know the 
modeb from which simulations are based. 

Storing Information 

Many types of information are stored using computers. Programs 
arc stored on disb or tapes, allowing students to resume their work at 
a subsequent time. The results of student work with CAI nuterials can 
be stored if the materials are programmed to that type of record- 
keeping. In using word processors, simulations, data bases, and 
spreadsheets, students have the option to save their work. 

Once educators understand the educational models and the sup- 
port possibilities that computers provide, they have the foundation for 
anacking the third task: developing alternative institutional forms. The 
development of alternative institutional forms is necessary if the goal is 
to create SCIL environments. 



Few educators have expressed concern or interest in the impact of 
computers on institutional change. Licklider and others have 
developed scenarios that depict the demise of centralized, institutional 
learning environments. Most school officials have met tlie pressure to 
bring computers into the schook by purchasing computers and intro- 
ducing programnung and "computer literacy" courses. Yet there has 
been minimal integration of computers into standard curricula areas, 
except for drill and practice. 

Joyce calls for organizing schook around "specific educational 
functions rather than around classrooms and teachers.** Some schools 
have been organized ztounA departments, allowing depanments to 
centralize resources for teachers and students, to create aesthetically 
appropriate settings, to share ideas among staff. Other schook have 
been organized around the academic needs of students, lliese schools 
focus primarily on creating environments that permit students to 
receive academic support or to move more rapidly in their academic 
pursuits. Examples of environments include media centers, tutorial 
centers and laboratories for e)^riments that go beyond tradiuonal 
curricula. The major quesuons in education would become **whicli 
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learning models to use and in what combinations," and how com- 
puters (media) will be used to support the learning models. Pre- 
liminary attempts to answer those questions have iJccn offered b the 
first pan of this chapter. Where do wc begin if we want to reorganize 
schools in ways that are consistent with SCIL environments and with 
efforts at personalizing an individual's educational experiences? 

Most change efforts begin with a district or school-based needs 
assessment. Bill Fisher, director of WICAT Educatbn Division, m a 
recent interview, suggested that school administiators ask the fol- 
lowing questions as they move toward fusing a SCILbascd environ- 
ment (and other technologies) with a traditional school environment: 

• What are effective learning systems? 

• What is the best mix of traditional instruction and technology? 

• In terms of implementation, how does technology change the 
roles of principals, teachers, and students? 

• How does information we have about students affert the proc- 
esses of instruction? 

The questions are consistent witii the t.7iph^sis I hr.vc placed on defin- 
ing computer uses in schools, not in term: of computers teaching, but 
in terms of students learning. 

The starting point for e3q>loring the use of computers to in- 
dividualize instruction, according to Fisher, is to examine effective 
learning systems and the relationship of technology to those learning 
systems. WICAT has been advocating the "learning lab" approach, 
with computers in the lab. A brief description of WICATs approach 
was included in Qiapter 2. 

The learning system evidently advocated by WICAT places the stu- 
dent primarily in the role of receiver. Students are thought into the lab 
and work on particular curriculum areas. Because the WICAT cur- 
ricula are standardized, they are not always consistent with state 
and /or locally mandated curricula requirements. Thetefore, teachers 
use the WICAT materials for a variety cf purposes: tutorials, supple- 
mentary work, drill and practice, and enrichment. Students might 
spend from 10 to 25 minutes a day using the CAI materials. Teachers 
work with students in class environments prior to using the WICAT 
materials. 

Included with the WICAT materials are computer-based tecord- 
keepJng programs that allow teachers to evaluate die progress of their 
students. The progress reports are used by teachers to prepare cegular 
classroom activities that are in consort with each student's ad- 
vancement and the CAI materials. From Fisher's perspective, WICAT 
effectively answers the first two questions. 
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In developing a rationale for SCIL-bascd environments, I have at- 
tempted to provide a framework for a broader perspective about the 
possible uses of computers. The families of teaching/ learning models 
developed by Joyce and Weil, in my opinion, provide an appropriate 
starting point. The models are a synthesis of instructional /learning 
practices and ideas about how best to enhance learning by students. 
This starting point, therefore, provides the framework to identify the 
learning environments and the roles of computers needed to meet cur- 
ricula objectives. 

In my opinion, indhidual classroom with indmdual teachers can- 
not possibly provide a variety of learning environments, including 
SCIL environments iind individualized education, in an effective my. 
Teachers have too mai:y tasks and roles to fulfill. A list re^on- 
sibilitics of classroom teachers bears this out. In terms of their 
students, individual classroom teachers today are responsible for: 

• Skills training 

• Educational paths 

• Social environment 

• Peer relationships 

• Supervision 

• Control 

• Decision making 

• Authority 

• Organization design 

In essence, educators are human resource managers. With these 
responsibilities, educators have to think through the kind of class- 
rooms, schools, learning environments, and conditions that reflect ex- 
plicit policies to fulfill their responsibilities. 

In summary, educators must begin with a concept of effective 
learning environments. The environments develop, in my opinion, ac- 
cording to the following steps: 

Step 1: Train in the models of learning*' as perceived by Joyce 
and Weil. 

Step 2: Develop SCIL opportunities in the context of the models 
of learning. 

The primary resources needed for these steps include time for training, 
and money set aside for training efforts. 

The next chapter (Chapter 5) discusses Fisher*s third question 
about the changing roles of principals, teachers, and students. 
Chapter 6 examines Fisher*s last question— How does information we 
have about students affect the processes of instruction? --in the con- 
text of computer-managed instruction. 
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Chapter 3 

TRAINING: AN OLD STORY WITH A NEW ENOLVG 



If wc attempt to "graft" the computer onto the present institutions 
without major changes in teaching methods, teacher training and cxp<x- 
tations, and administrative structure, ihcn the power of these machines 
to help will be dissipated. 

Smith (1982), above, in part of what is a cogent sumnucy of the 
issues surrounding the use of computers and imlividualizcd instruc- 
tion, simul^tincously sounds a warning and sets an agenda for change. 
Any innovation is disruptive, regardless of the intent of the change 
agent, because the innovation is an intrusion tliat affects well- 
established teaching methods, social relationships, and administrative 
organization. 

To overcome the rather rigid, structured form of educational insti- 
tutions, efforts to change must be systematic. In previous chapters I 
have developed a rationale for the use of computers in education. In 
the foreground the focus is on students rather than computers, with 
the setung being Student-Computer Integrated Learning (SCIL) 
environments. I have also suggested the use of "learning models" as a 
foundation for developing alternative learning environments. Now we 
must examine the third question that Fisher raised (sec previous 
chapter): "In terms of implementation, how docs technology change 
the roles of teachers, principals and students?" 

(Re)Tr«tning Issues 

The first step in the change process is training or, perhaps better 
put, the "retraining of educators." The term retraining is used 
because it connotes a more thorough, indepth, and systematic ap- 
proach to staff development and inservice education than what has oc- 
curred in the past. The usual efforts by districts to encourajje or force 
change on their teachers, or to offer inservice experiences, simply have 
not worked. Such efforts do not work because transfer of the knowl- 
edge and skills to classrooms most often does not occur. 

Training for administrators is also an important step in the change 
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proccsjf, according to Frank DiGiammarino, leader of the Lexington 
(Massachusetts) school district's efforts to use computers. Administra- 
tors must have a thorough knowledge of the implications for planning 
if they want to use computers effectively. Too many administrators, in 
DiGiammarino's opinion, are defaulting their position of leadership 
to computer specialists. In many cases computer specialists are dic- 
tating the form and content of administrative and educational uses of 
computers, particularly in those districts with mainframe and mini- 
computer systems. 



'The usual efforts by districts to encourage or force 
change on their teachers^ or to offer inservice 
experiences, simply have not worked ... because 

transfer of the knowledge and skills to classrooms 
most often does not occur/* 



Administrations must be willing to undergo training in the ad- 
ministrative and educational uses of computers. Fisher (WICAT) ad- 
vises administrators to overcome what he calb the "mystery-mastery 
complex." He suggests a "vertical digging" approach, whereby each 
administrator learns one facet of computer applications in education, 
and that will lead to further questions and broader understanding. 

Administrators also should experience the same training as teach- 
ers. The Garland (Texas) School District recently began using WICAT 
systems in their elementary and middle schoob. Lyn Riggs of the Gar- 
land School District said that the training sessions were more extensive 
for principals than for teachers because the principals had responsi- 
bilities as instructional leaders. Principak experienced two weeb of 
training; teachers, one week. 

Joyce and Showers have recognized the importance of training ad- 
ministrators by including strands for administrators in their training 
institutes held at the University of Oregon. The training methodology 
is based on Showcrs's research on the use of "coaching" in inservice 
uaining. One purpose for including administrators in the uaining is to 
increase their awareness of the processes of change classroom educators 
experience. Administrators, as they become more knowledgeable of 
the goals and methodologies employed by t^rachers, can act as coaches 
as well as facilitators of clungc. A second purpose is to make adminis- 
trators aware of the variety of environments in which learning occurs 
and their role in providing those environments. 

Adminbtrators, as well as classroom teachers, must abo become 
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familiar with the large number of SCIL- based environments that allow 
computers to be used for purposes of instiuction and learning. The en- 
vironments include: 

• A room with "stand-alone" or networked computers for each 
student. 

^ A classroom with a single computer. 

• A classroom with several computers. 

• A classroom with a large monitor used for teaching purposes. 

• A school with computer centers, including student libraries, de- 
partment resource areas, and classrooms. 

Each of the environments (additional ones could be listed) suggests 
different types of learning experiences on the part of students, and dif- 
ferent management issues for teachers and administrators. 

A traditional classroom with a computer for each student has 
several uses. Students in a non-networked computer environment can 
use computers to work on individual projects or software as selected by 
teachers. In an environment of networked computers, teachers usually 
control the lessons from a master computer. Students usually work on 
the same lesson, with the teacher able to monitor the progress of each 
student. This latter approach, in my opinion, reinforces the teacher- 
dominated approach to education, and does not fully take advantage 
of the power of computers. 

Teachers with a single computer or several computers in their class- 
room must be more selective of their use. They might have students 
who are poor writers use a word processor. Students who have been ab- 
sent might use drill-and-practice software to "catch up." In addition 
students could create crossword puzzles for current units of study, us- 
ing software like "Crossword Magic." 

As graphics packages become easier to use, teachers should be en- 
couraged to use them with a large monitor to convey concepts that are 
difficult to represent verbally or on a blackboard. Science experiments, 
art work, maps and animation are enhancements to traditional 
classroom presentations. 

The last environment is the one that all schools should aim to have. 
Computers are available in all environments that students use. Appro- 
priate software IS available for student use. Whatever the environment 
in whicn students find themselves, students could use computers to ac- 
cess or develop data banks, to use word processors, subject-matter soft- 
ware, graphics packages, simulations, etc. The computers should have 
printers available for student use also. 

Too often school personnel restrict use of hardware because they 
fear damage My personal experience has shown that the greater the 
access to computers, the better the students treat the computers. The 
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real security issue is with the software. 

Whatever the number of computers, and the environments in 
which they arc used, they do force educators to examine how they 
operate. The issue then becomes one of 1.. h to provide an environ- 
ment for educators to change. 

The training model explained in the next section includes 3CIL 
environments, the retraining of teachers and administrators, and a 
coaching component. 

A Training Model 

It is the implementation process that will determine the success or 
failure of developing SQL environments for the purpose of indi- 
vidualizing education. At this point I must emphasize that when an 
implemenution process is being discussed, I am thinking in terms of 
years, not weeb and months. 

The first year of training will focus on assisting individual educators 
with their day-to-day routines. For example, they will be trained to 
use: 

• Computer-based record-keeping systems 

• Word processors 

• Individual data bases, filing and repon packages 

• Integrated applications packages 

• Graphics software 

The first phase of training has three goals: 

1. Educators will understand that the skilb they have acquired are 
appropriate for their students to acquire. 

2. Educators will understand that the skilb they have acquired are 
appropriate to the subject matter that is uu^t and, in the case 
of administrators, to managing a school or disuia. 

3. Educators will use computers on a regular basis to assist with 
day-to*day management and instructional routines. 

The second year of training should be in the specific content areas 
for which teachers (and administrators who teach or manage curricu- 
lum areas) are responsible. Administrators without teaching responsi- 
bilities also should be trained to use computers in a content area. In 
elementary schoob I suggest that the staff mutually decide who will be 
u-ained in what curriculum area. In that way, each curriculum area will 
be covered, and someone in each building will become a resource per- 
son for the remainder of the sta£f. 

During this second year, educators will use in the content areas the 
skills they have acquired the first year. The goals of the second year of 
training include the following: 
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1. Educators will understand the uses and limitailons of computers 
in the pursuit of knowledge within a panlcular field of ytudy. 

2. Educators will state and attempt to reach sdected curriculum 
objectives by providing studerats with opportunities to use com- 
puters in content areas. 

3. Educators will become cognizant of software and hardware re- 
quirements for using computers in content areas. 

4 Educators will become cognizant of how individual students 
develop in tiieir roles of designers, practitioners and receivers 
(sec chapter 3). 

5. Educators will make recommendations for softwaic and hard- 
ware and location of hardware* 

During the third year, teachers and administrators will be trained 
to use the learning models developed by Joyce and Weil. Tliat training 
will take place in the context of subject-matter-centered SCIL activities 
that were used the second year and additional activities developed as a 
result of the training prior to the start of the third year. The focus of 
the training will allow educators to integrate the various learning 
modek with SCIL activities. The goals, therefore, of the third year of 
training are as follows: 

1 Educators will use a variety of learning models in the context cf 
SCIL environments. 

2. Educators will farther develop their "coaching** skills. 

3 Educators will evaluate hardware and software for possible up- 



4 Educators will evaluate and make recoiXiniendations for alterna- 
tive learning environments. 

During the second and third ytm of trainir^g, staff nicmbeis 
record how students reacted to the variety of learning activities. Th^ 
will then have a database to make judgments about the relationdiip 
between the activities and the progress of individual kASittn. During 
these two years, educators will also be init^uced to elements of 
Educator-Computer Integrated Management (ECIM) processes (sec 
Chapter 6). 

The fourth year of training will include the impler*icntation of 
alternative learning environments in each school and of a systematic 
method for individualizing learning experiences. At this time ECIM 
processes will be in place. The following gpals will serve as the frame- 
work for evaluating the fourth year: 

! Educators will identify alternative learning environments that 
recognize individual student differences -^nd similarities. 
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2. Educators will evaluate the individual progress of students. 

3. Educators will e. uate the training model. 

The training model that will be used throughout the four years of 
training has been developed by Joyce and Showers. The training 
model itself has four components: 

1. Trainer provides theory and demonstration in integrated en- 
vironment (that is, student population, objectives, teaching/ 
learning model, learning center, computer role). 

2. Participants practice sample training units in the simulated/ 
integrated environment. 

3. Participants undergo feedback training. 

4. Participants use computers in their own situation with * "coach- 
ing" support. 

The element that enhances the prospects of th^ transfer of skills to 
**real time" education environments is "coaching." Joyce and 
Showers define coaching as * 'helping teachers analyze the content to 



"Coaching ... Mping tMchers analyze tha content 

to be taught and the approach to be taken, and 
making very specific plans to help students adapt to 
Che new teaching (learning) approach.** 



be taught and the approach to be taken, and making very specific 
plans to help students adapt to the new teaching (learning) 
approach." As coaches, teachers observe one another while ihcy use 
the new learning models in the variety of learning environments. They 
are trained to observe, give feedback, and make adjustments from the 
information provided by their fellow coaches. 

The addition of the coaching element to training has important 
implications for administrators. First of all, administrators must know 
and practice the training model. Consequently, they, too, must 
undergo training in the processes of the model so they may understand 
and participate in it. Second, because teachers also act as coaches, time 
must be allowed for teachers to be coaches. Administrators must 
reckon with the fact that the coaching process is inconsistent with the 
uaditional one^teacher, one-classroom organizational pattern that 
dominates eduution. New organizational patterns are necessary to 
allow coaching among teachers to occur. 

Administrators must also consider the implications of the concept 
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of integrated learning environments. These environments likewise are 
not consistent with typical organizational patterns in schoob. Com- 
puters used to assist in management, however, may be able to con- 
tribute in part to the change process. 
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Chapter 6 
EDUCATOR<:OMPUTER 
INTEGRATED MANAGEMENT 



The impetus for computer-managed instruction (CMl) came from 
the early days of computer-assisted instruction. The purpose of CMI 
was to score diagnostic tests, develop prescriptions for study, and keep 
records for the purpose of generating reports. In short, CMI was to 
provide support for individualized education. 

Use of Computers for Managing Individualized Learning 

As individual students must be the surting point for using com- 
puters for learning purposes (SCIL), so individual educators must be 
the starting point for using computers for management purposes. 
Hence, the acronym ECIM (Educator-Computer Integrated Manage- 
ment). 

In the context of traditional CAI (student as receiver), the avail- 
ability of computers has permitted educators to develop systematic in- 
structional approaches to individualizing instruction for the first time. 
In Fisher's opinion, computers have given educators the capabilities to 
address fundamental issues: 

• How to assess an individual student 

• How to track the progress of an individual student 

• How to interrelate information from the fiwt two pomts to in- 
structional objectives. 

There are many ways to assess the learning styles of individual 
learners: sundardized tests, observations by educators, interviews, and 
records of past performances. The information from these sources can 
be combined in computer-based records. An ample amount of 
literature is available on individualized instruction (for example, 
"learning styles," "cognitive styles'') and methods to develop profiles 
of students. 

Computers traditionally have been used to monitor the progress of 
individual students via computer-assisted-insttuction systems at 
response-sensitive and idiographic levels. Tlic WICAT and PLATO 
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systems include capabilities to monitor student progress and to branch 
to alternative learning sequences based upon student progress. 

In this booidet, hoT ever, I have gone beyond the traditional con* 
cept of computer-assisted instruction, which views the student's role 
p*imarily as that of receiver. Students are able to use computers in a 
variety of ways. To encompass a more comprehensive view toward stu- 
dent use of computers, I have used the concept Student-Computer 
Integrated Learning (SCIL). (Of course, not all learning experiences 
are or will be computer-based.) 

To uke advantage more fully of both individual student differ- 
ences and the availability of irKreasingly sophisticated software and 
more powerftil hardware, I have also discussed the importance of 
creating alternative learning environments (SCIL environments) 
within schools. Creating those environments and simultaneously in- 
dividualizing student learning experiences requires a sophisticated 
management system. Computers can assist in that effort. 

SCIL Environments and ECIM 

One type of EQM (Educator-Computer Integrated Management) 
approach has as its basis the SCIL environments that have been 
dcsaibcd earlier. It is important to keep track of the progress of in- 
dividual students. The importance of record-keeping i^ heightened if 
the setting has different types of learning centers or varied en- 
vironments based upon learning models, individual student profiles, 
and technology. Teachers and administrators in that situation should 
have access to computers in which student recciJs can be updated dai- 
ly. In addition, personnel responsible for monitoring the progress of 
each student can devebp individual xhcdules for students simply by 
generating reports stored in computers. 

Coiiiputer*Based Infornuidon Banks 

A second type of EQM uses a computer-based information bank as 
a staning point. This information bank can be used even if a district is 
doing very little with Student-Computer Integrated Learning. 

Thiec primary dau files are irKluded in such a bank. The first con- 
tains information about each student. Sources of information include: 

• Achievement, aptitude, diagnostic and teacher-made tests 

• Anecdotal reports 

• Attitude scales 

• Conferences 

• Group discussions 

• Interest inventories 

• Needs assessments 

• Questionnaires 

• Sociometric devices ^ ^ 

• Work samples (Stewart) 
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A second information component contains the school district's in- 
structional objectives and the resources appropriate to achieving those 
objectives. Information about each of the resources includes: 

• Curriculum area 

• Curriculum units 

• Type of resource (for example, filmstrip, game, program) 

• Location 

• Appropriate grade or skill levels 

• Types of input/output required of students 

• A match of resources and objectives 

• Teacher and/or student resources 

The third component is a repon generator based on the infor- 
niation from the first two files. One type of repon, used at the begin- 
ning of a unit of study, matches the information about students to the 
objectives and available resources. A second type of report is based on 
regular input from teachers (daily and/or weekly); this report is used 
by teachers and administrators. Thczt reports include a profile of each 
student's achievement across all curriculum areas; a continual moni- 
toring of the student's performance in relation to established cur- 
riculum objectives; a diagnosis of the student's performance levels 
based on previously identified expectations; and a prescription of 
alternative learning approaches. 

While consulting, researching, and teaching about computers, I 
have met school district administrators who are in the process of pro- 
curring a computer for district administrative purposes. In many cases 
they have nof included in their plans uses for their about-to-be pur- 
chased computer that extend into the Educator-Computer Integrated 
Management domain. 

When buying computers, district administrators should consider 
the applications of those computers to the overall educational mission 
of their district. Administrators, if trained in the SQL-based activities, 
readily would see that many of the same fonctions for which they an- 
ticipate using their computers are equally appropriate for teachers and 
midents: the input of data, the storing of data, the manipulating of 
data, and the output of dau. Therefore, to make their computers ac- 
cessible to teachers and students, administrators should consider link- 
ing their central-office computers to terminals or microcomputeis in 
the schoob. Such usage would require larger storage capacities, and it 
would provide opportunities to take advantage of both centralized and 
decentralized computer-management systems. Local area networks 
make such linkages feasible. 

'Computer-based management packages to individualize education 
are n^ost commonly found in the context of special education. Writing 
and n onitoring Individual Education Plans (lEPi) for special edu- 
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cation students require a considerable amount of effort and paper 
work Enell (1983) provides a comprehensive analysis of the role of 
computers in relation to lEPs; she also lists vendors and school districts 
that use computers for special education. The models used for special 
education are applicable to any school environment in which the 
emphasis is on the progress of each student. 

Impact on Organizational Life 

With the development of an "information environment," edu- 
cators 

generally have greater access to data and, in particular, data relevant to 
their own decision making. Hic capacity for foHowup and reorganizing 
increases as information retrieval and communication can occur with 
greater ease and convenieccc than ever before (ZuboflF 1982). 

In Chapter 2, 1 noted that the original goals of CAI included increas- 
ing the effectiveness of the instructional process. Zuboff, writing in 
the context of her study of companies that use computers for man- 
agement purposes, sutes: 

This speed of access, retrieval, and information processing u allegedly 
the key to improving the ptoductiviiy of the organization, but few 
organizations have seriously considered the appropriate definition of 
productivity in their own operations. 

Have we as educators defined what we mean by proJuctifity? What 
are our goals? Are they increased test scores? Socialization? Moving 
toward potential? Whatever the answers may be, they will have an im- 
pact on how the schools will be organized in the future. The new in- 
formation technology is going to create alternative management 
designs, and school administrators must begin to think about the 
implications of these designs. 



thert mil develop a changing relationship 
between all educators and their jobs." 



First of all, there will develop a changing reladonship between all 
educators and their jobs. Educators must understand the impact that 
the information technology will have on their work. They need to be 
provided with the knowledge anu authority to take advantage of the 
new resources at their command. 

Seo.nd, administrators and supervisors must begin to rethink how 
teacheiS are taking advantage of the information available to them. In 
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a school with a variety of learning environments that are based on 
learning modek and the progress of individual students, educators will 
be making many more management type decisions than in traditional 
cla^room environments. Instead of e\^uating teachers primarily on 
their control of students in a single classroom, administrators will be 
observing more decentralized environments. Teachers must be trained 
to make those management decisions, and administrators must be 
trained to examine the decision-making capabilities of teachers. 

Lastly, the hierarchical organizational patterns that dominate 
schools will more than likely shift to a pattern that is somewhat more 
horizontal. Teachers will have access to greater amounts of informa- 
tion that can assist them in their interactions with their students. The 
concept of working in an * 'organization" will change because new pat- 
terns of decision-making will occur. 



the hierarchical organizational patterns that 
dominate schools will more than likely shift to e 
pattern that is somewhat more horizontal/' 



Administrators are confronted with a challenge far greater than 
most people have considered. Not only must they become retrained in 
taking advantage of SCIL activities. Kliey must also begin to consider 
and possibly reconfigure their own jobs and the organizations in which 
they work. 
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CONCLUSION 



Very few school districts in the United States have developed com- 
puter education policies and long-range plans chat consider the use of 
computers in schools. These two findings, reponed in SchootTecb- 
News, December 1984. were based on a survey of school superinten- 
dents. 

Planning has been an underlying theme throughout this booklet. 
Planning in education begins with students and what we as educators 
offer as important learning experiences for our students. The focus of 
the booklet has not been computer hardware and software, what to 
buy and when to buy it. These decisions become a consideration 
the goals for students are articulated and put in place. Once the goals 
are in place, then, as DiGiammarino and Fisher have indicated, ad- 
ministrators must learn about and experience the variety of settings in 
which computers can have a role in education. Many types of learning 
environments can be created to take advantage of the capabilities of 
computers and well-articulated learning/ teaching models. 

More recent advances in approaches to professional development 
provide a nonthreatening approach for change that allows for inte- 
gration of computers into articulated learning environments. The im- 
plementation of the training program briefly explained in Chapter 5 
takes a considerable amount of planning on the pan of administrators. 
The planning involves allowing staff (including administrators) to at- 
tend an extensive three- to four-week summer program, to participate 
in school-year coaching arrangements, and to attend evaluation ses- 
sions. 

Eventually learning experiences for students will be based upon an 
assessment and daily monitoring process that is enhanced by the 
record-keeping power of computers. Purchase of appropriate hard- 
ware/software configurations requires administrators to plan for future 
uses of computers, including their location, access requirements, and 
maintenance costs. 

Tennyson and Par^ (1984) have listed the characteristics of 
computer-based adaptive (individualized) education. The character- 
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istics, based on a review of empirical research, include: 

• Initial diagnosis and prescription. 

• Continual monitoring of student progress to allow for adjust- 
ments and updating of student progress. 

• Control of the amount of instruction necessary to achieve ob- 
jective. 

• Control of the sequence of instruction based upon student 
response. 

• Time control to pace the exposure to instructional materials. 

• Information provided to learners from which they can manage 
and be responsible for their own learning program. 

These characteristics are as applicable to non-computer-assisted in- 
struction environments as they are to CAI environments. Each char- 
acteristic takes a considerable amount of planning on the part of 
teachers. If a variety of learning environments ait to occur in a school 
setting, vehicles for school staff planning are of primary importance. 

The primary feature of individualized education, or learning, is 
timeliness. Timeliness requires a well thought out learning man- 
agement system. It requires educators— administrators and teachers— 
to constantly make decisions about the progress of their students. The 
dichotomy that presently exists between management (by teachers of 
classrooms, by principak of schools, and by administrators of districts) 
and effective learning must be overcome. 

The challenge of eduutors is clear. That challenge is based on the 
goals each district has set for enhancing the learning opportunities of 
the children it serves. Computers are not the vehicle to reach those 
goals. They are but one of many. The issues, the challenges, and the 
accomplishments are still based on human skills, skills that take 
advanuge of cumulative experience to select and manipulate tools and 
media that are appropriate to a given task. Do we ask any more or less 
of our students? 
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